This article reviews experimental results obtained from studies of neutrino electron scattering and shows in particular the important input from these experiments to the improved knowledge of weak neutral currents and the conrmation of the Standard Model at tree level. Special emphasis is put on recent high precision e-experiments, whose results on electroweak parameters allow, in combination with precise results obtained at higher Q 2 , a test of the Standard Model at the level of higher order corrections.
Introduction
The rst observation of a handful of e-scattering events by the Gargamelle bubble chamber [1] i n 1973 was a turning point in elementary particle physics. The existence of weak neutral currents was demonstrated. A phenomenon which could not be explained by the long-standing Fermi-type theory of weak interactions but was predicted by a combined electroweak theory, formulated by Glashow, Weinberg, and Salam [2] : the so-called 'Standard Model' of electroweak interactions. Since then several experiments with the aim of studying the elastic scattering of neutrinos on electrons have been performed, all of which added further support to the Standard Model.
The rst generation of e-experiments, performed in the 1970's, were experiments dedicated to the conrmation of the Standard Model at tree level. Integral cross sections and rst values for the electroweak mixing angle, sin 2 W , w ere obtained. These early experiments were either performed at accelerators in or beams or at nuclear reactors, where e e scattering was observed for the rst time. However, all these experiments suered from rather poor statistics, due to the very low cross section of escattering. In 1980 the number of observed events by all experiments was in the order of 100.
The situation changed in the 1980's with the second generation of experiments. They were counter experiments with large target mass dedicated neutrino detectors utilizing high intensity neutrino beams. The statistics collected were an order of magnitude higher than for the previous generation, thus making it possible to measure kinematical distributions and dierential cross sections. With the last experiment in this series (CHARM II [3] ) electroweak parameters were measured to such an accuracy that testing the Standard Model at higher orders became possible. In addition limits on quantities beyond the Standard Model could be derived. At last neutrino electron scattering nowadays is used even as an experimental tool to detect solar neutrinos [4] , thus testing the Standard Solar Model.
From a theoretical point of view the process of e-scattering is comparatively simple. In the rst, theoretical, section of this article we dene the relevant quantities to describe e-scattering in the theoretical frame, of the Standard Model at tree level. Going to higher orders we make some remarks on radiative corrections as well as physics beyond the Standard Model.
On the other hand, experimentally e-scattering is a very dicult task due the smallness of its cross section ( 10 42 cm 2 ) and to the presence of abundant competing processes which cannot be totally eliminated on an event b y e v ent basis. Therefore sophisticated experimental methods have been invented, whose realization we describe in the more detailed second section. For each method a selected experiment is described in detail and its results are presented.
Finally we combine the results of all e-experiments and compare them to the results of other measurements and to the predictions of the Standard Model.
Some Theoretical Remarks
Neutrino-electron scattering is a purely leptonic process where a neutrino scatters o an electron by the exchange of a virtual vector boson (g. 1). The Q 2 range covered at present b y neutrino electron scattering experiments reaches from 10 6 at nuclear reactors to 10 2 at accelerators but is always small compared to the mass of the Z 0 . 
Kinematics
The kinematics of elastic neutrino electron scattering is fully described by a single variable; for instance by e , the angle of the outgoing electron with respect to the neutrino beam. Let E and E e be the energies of the incoming neutrino and outgoing electron respectively, m e the electron mass, and y = E e =E be the fractional energy loss of the neutrino in the laboratory system. With the assumption of m e E e and the small angle approximation for cos e one nds E e 2 e = 2 m e (1 y); (1) and, as 0 y 1, the experimentally important constraint: E e 2 e < 2m e : This means the outgoing electron is scattered in extremely forward direction, which is used experimentally to subtract, on a statistical basis, background events, which h a v e a m uch broader distribution in E e 2 e . On the other hand this signature makes it impossible to measure directly the y-distribution of e-reactions, as reachable resolutions are just in the same order of magnitude as the kinematical bound.
Cross sections
The model independent eective neutral current i n teraction Lagrangian can be written as [5] :
In the limit of small Q 2 , propagator eects can be neglected. L; R denote the chirality of the fermion. The same can be expressed in terms of the axialvector and vector couplings of the neutral vector boson to the electron. The relation between the chiral couplings and g e V and g e A is given by 2g L = g V + g A and 2g R = g V g A
From the eective Lagrangian the dierential cross section | often called y-distribution | is readily calculable:
The (1 y) 2 -term originates from angular momentum conservation, and suppresses backward scattering (y = 1) of (anti)neutrinos o (left-)right-handed electrons. For high neutrino energies (E m e ) the term linear in y is negligible. To obtain the cross section of e -scattering, where the charged current i n teraction contributes to the scattering amplitude, one has simply to substitute g L by g L + 1 :
The Standard Model relates the coupling constants and the electroweak mixing angle sin 
The resulting cross section dependence on sin 2 W is shown in g. 2b. Obviously the neutral current coupling constants cannot be determined from a single measurement. Even a measurement o f ( e ) and ( e) leaves a fourfold ambiguity for the coupling constants. A measurement of electron-neutrino electron scattering cross sections only partly resolves the problem. A twofold ambiguity remains. This problem can be solved using measurements fo the forward-backward asymmetry in e + e -collisions. These experiments yield g 2 V g 2 A [6] .
Radiative corrections
When considered in the context of the electroweak perturbation theory, the expression for the cross sections (4) is only true in rst order of the coupling constant, i.e. in Born approximation (tree level). Experiments have, however, achieved an accuracy that makes it necessary to consider also contributions of higher order in the perturbation series (radiative corrections). Including corrections proportional to G F in the matrix elements, the dierential cross section of neutrino-electron scattering (one-loop cross section) can be written as [7] :
The second term corresponds to pure QED corrections, while the rst term is obtained from the tree-level result by replacing: (6) is that the y-distribution is changed according to the experimental method of its measurement. If the energy carried by external bremsstrahlung photons is not distinguished form the energy of the scattered electron, such as in the case of calorimetric detectors, the correction amounts to a few percent only [9] . In bubble chamber experiments however, where cuts are applied on additional vertex activity, QED eects might result in larger corrections. It is therefore essential that experimental results are corrected for all possible higher order electromagnetic eects.
Beyond the Standard Model
Inside the Standard Model a magnetic moment of the neutrino is forbidden. However, its possible existence has been discussed my many authors [10, 11] . A e-scattering process via a magnetic moment would change the helicity of the neutrino and contribute a non-coherent part to the cross section [10] :
Limits on the magnetic moment can be derived by comparing cross section measurements of escattering to measurements were no neutrinos are involved. Due to the rise of (7) for low neutrino energies (the expression is not divergent due to a lower kinematic bound of the electron energy), the experimental limits are the better the lower the low-energy cut-o relative to the neutrino energy is. The integral cross section rises only logarithmically with the neutrino energy, so that possible magnetic moment eects are to be detected more easily at low energy neutrino sources. A non-zero charge radius of the neutrino, on the other hand, does not change the spin of the neutrino and an additional term to the cross section would be added coherently. As a matter of fact, higher order vertex corrections, inside the Standard Model, do introduce a charge radius in the order of hr 2 i O (10 34 cm 2 ) [12] .
An anomoulus charge radius has the eect of modifying the vector part of the interaction and manifests itself in a change of the eective sin 
Limits for the charge radius can be obtained comparing sin 2 W obtained from neutrino scattering to sin 2 W from other processes.
Neutrino-electron scattering cross sections are sensitive to the existence of additional Z-bosons. I t is, however, not possible to dene a universal mass-limit v alid for all models which predict additional Z-bosons, since the coupling and the mass depends on the details of the specic model. A way t o gauge limits on additional Z-bosons is described in [14] . With the denition, g A = g e A g A and g V = g e 
i.e. the eective coupling constants are changed.
Experimental methods and results
As already pointed out, elastic neutrino-electron scattering manifests experimentally as a single forward scattered electron. This signature and the small cross section set the boundary conditions for experimental methods and devices. Firstly, a n i n tense neutrino beam and a large target mass are required to overcome small event rates. Secondly, good electron identication and reconstruction is essential. Especially an angular resolution in the same order of magnitude as the small scattering angles should be aimed at. Thirdly, the detector should have a large discrimination power against hadron and photon induced backgrounds.
In the following we briey describe some selected experiments which h a v e contributed in a specic way to our knowledge of neutrino-electron scattering. A more complete description can be found in [15] . Emphasis is put on experimental methods which h a v e e v olved with time and increasing number of detected neutrino-electron scattering events. The study of muon-neutrino electron scattering was only possible when intensive m uon-neutrino beams could be provided. At high energy accelerators the source of neutrinos are weak decays of kaons and pions produced by protons in an external target. The mesons are focussed and charge selected by magnetic lenses (horns) [16] before entering a decay region where part of them decay mainly into muons and muon-neutrinos. The surviving hadrons and muons are stopped in massive shieldings. Changing the polarity of the magnetic lenses leads to either neutrino or antineutrino beams. However, muon-neutrino beams are not pure. Due to deciencies in the meson charge selection and due to K e3 decays contaminations of muon-antineutrinos (5-15%) and electron-(anti)-neutrinos ( 1%) are present. The CERN SPS wide band neutrino beam (WBB) has a mean energy of 25 GeV (g. 3). The neutrino uxes can be measured by either neutrino induced events for which the cross section is precisely known, or by a measurement of the correlated muon ux in the shielding of the neutrino beam [17] .
The Gargamelle experiment
The rst detection of a neutrino-electron-scattering event w as achieved in the Gargamelle experiment [18] . This big bubble chamber was exposed to both the CERN PS neutrino beam (hE i 2 GeV) and the SPS WBB. The bubble chamber allowed a good particle identication and due to a magnetic eld a charge determination. Together with a good angular resolution a powerful background reduction was achieved.
In bubble chambers the main backgrounds are caused by converted -rays from interactions outside the chamber or from bremsstrahlung by m uons, quasi-elastic reactions of electron-neutrinos, and neutral pion production.
In total three (including the historical rst NC event)
e-and ten e-events could be detected. This allowed a rst determination of the two cross sections, listed in tab. 3. Given the large errors the result was well in agreement with the prediction of the, at that time, young combined electroweak theory.
To increase statistics a new approach w as needed. The task was to increase the target mass while keeping the ability to detect and reconstruct electrons.
The CHARM experiment In 1977 the CHARM collaboration had assembled a massive ( 100 tons) counter experiment, initially intended to study semi-leptonic neutrino interactions at the CERN narrow band beam (NBB) [19] . The detector, however, was well suited to study also neutrino-electron scattering. To a c hieve higher rates it was also exposed to the wide-band neutrino beam (WBB). It consisted of a target-calorimeter followed by a m uon-spectrometer. The calorimeter, built from 78 marble plates interspaced with scintillation and proportional counters, combined calorimetry and tracking, and allowed a good discrimination between electromagnetic and hadronic showers. The dominant background to neutrino-electron scattering in this energy domain is coherent and diractive 0 -production, resulting in an electromagnetic shower hardly distinguishable from a shower induced by an electron. Quasi-elastic scattering of electron-neutrinos on nucleons contribute to a smaller extend to the background. The background is characterized by a m uch broader distribution in the scattering angle than neutrinoelectron scattering (eqn. 1) which is made use of when subtracting the background statistically.
In two data taking periods (1979-81, 83) in total 83 16 e-and (116 21) e-events were found [20] leading to measurements of the absolute cross sections for both neutrino and antineutrino electron scattering, (tab. 3). Statistical and systematical errors contribute equally to the total uncertainty. The largest systematic error sources were the neutrino ux normalization and acceptance corrections.
To extract the electroweak mixing angle from their data the CHARM collaboration had invented a new method using the cross section ratio: The experiment E734 at BNL
The experiment E734 was performed at the Brookhaven National Laboratory (BNL). The neutrino source was the focused wide band neutrino (antineutrino) beam at the AGS (Alternating Gradient Synchroton), with a mean neutrino energy of 1.3 GeV.
The detector design aimed at good particle identication, high angular resolution and a large total mass (170 tons) [21] . The main part of the detector was formed by a target calorimeter followed by a gamma catcher and a muon spectrometer. The calorimeter consisted of 112 planes of liquid scintillator, and two planes of proportional drift tubes. The module thickness of only 0.22 X 0 provided a precise dE=dx measurement and made it possible to separate between electrons and photons and to reduce the -induced background. An excellent angular resolutions for electrons of ( proj ) = ( (13 1) p E e =GeV mrad) could be achieved. Data were taken in three running periods from 1981 to 1986. After background subtraction a total of N(e) = 160 17 stat 4 syst and N( e) = 9 7 13 stat 5 syst were found in the data sample [22] . To obtain results on absolute cross sections and on the cross section ratio these numbers are corrected for wrong-type neutrino contaminations using the current w orld average for sin 2 W . As the angular resolution of this experiment w as excellent a rst attempt to explore the information contained in the dierential cross sections was made. For that the signal was decomposed into two y-dependent components, corresponding to the left-handed and right-handed terms in the expression for the dierential cross sections (eqn. 4). The contributions from the wrong helicity components and the electron-neutrinos in the beam were neglected. The data are shown in g. 5. Values of the electroweak couplings g V and g A were obtained by tting the following function to the 2 distributions of the data:
The index i runs over the 2 bins. The distributions f i and y i correspond to the y-independent and (1 y) 2 -dependent term, respectively, w eighted by acceptance functions A k , and N b b i is the absolute number of background events. This method shows a slightly better sensitivity to electroweak parameters and provides results with superior accuracy than those from the absolute cross sections.
The CHARM II experiment
In 1987 the CHARM II experiment at the CERN-SPS WBB started to take data, with the aim of increasing the number of observed e events by an order of magnitude compared to previous experiments and thus performing a high precision measurement of sin 2 W . The original idea again, as in CHARM, was to use the ratio of absolute cross sections for e-and e-scattering. Later also other methods were developed. In particular the most precise value of sin 2 W was achieved by combining the information of measured distributions of kinematical variables with the pure ratio method to a measurement of the ratio of dierential cross sections. The last period of data taking for CHARM II ended in August 1991.
The CHARM-II detector [23] consisted of a ne-grained, massive target calorimeter followed by a m uon spectrometer. The target calorimeter was composed of 420 equal units with a total target mass of 600 tons. Each unit consisted of a 5 cm (0.5 radiation length) thick glass plate followed by a plane of streamer tubes, which w ere read out directly on the wire in a digital mode as well as in an analog mode through pick up strips glued to the back of the tubes. The high granularity of active elements and the low Z of the target material ensure a good angular resolution and together with the ne sampling a reliable distinction of electromagnetic and hadronic showers. The energy resolution for electrons was found to be E=E= 0 : 23= p E=GeV + 0:05. The angular resolution was equivalent to proj 17 mrad= p E=GeV in the energy range of the analysis [24] . The ratio of the neutrino and antineutrino uxes was obtained by v e dierent methods, four of which w ere measurements of event-rates of processes with a known cross section ratio for neutrinos and antineutrinos. The ratio of the muon uxes in the shielding downstream of the decay region yielded a fth, independent determination. After combining the ve consistent results a precision on the ux ratio of 2.2% was reached. The absolute normalization of the neutrino ux was obtained from inclusive neutrino-nucleon scattering used as a monitor reaction. The total uncertainty o n t h e absolute ux measurement w as found to be about 5%.
To explain the idea of the analysis we start with the cross section for e-scattering in a general form:
A i g i with g 1 = g 2 L ; g 2 = g 2 R ; g 3 = ( g L + 1 ) 2 :
The expressions A i are given in tab. 1 for the four processes involved. The interference of neutral and charged currents in electron-neutrino electron scattering is accounted for in the third term in eqn. 12. The measured event rates are given by:
where the dierential distributions f e i contain all information about the target density, energy spectra and wrong component contamination of the beam, the cross section expressions A i , and the experimental resolutions and acceptances. All these quantities are either known by calculation or measured.
is a normalization factor related to the neutrino ux. The f BG i stand for the dierent background distributions that are due to semileptonic processes with dominantly electromagnetic nal states. In order of decreasing importance these are: coherent or diractive 0 -production, quasielastic scattering of electron-neutrinos on nuclei and inclusive N-scattering. The b i denote the relative abundance of these processes. Electroweak parameters are obtained from a simultaneous t of modelled dierential distributions f e i to the data collected in the -and -beam. Since the energy of the neutrino is unknown y cannot be measured directly but instead the f e i are double dierential distributions in the variables E e 2 e and E e . They discriminate between signal and background in the variable E e 2 e , and determine the background composition because of their dierent energy (E e ) distributions.
The dierent analyses described in the following, all based on these dierential distributions, mainly dier in the treatment of the factors .
Making use of the absolute ux determination, i.e. xing and , allows to determine the two coupling constants g V and g A (or sin 2 W and ) simultaneously. The sensitivity of this analysis to g V and g A is illustrated in g. 7, where the allowed regions in the g V g A plane are shown, as obtained from the t.
Due to the electron-neutrino abundance in the beam the expected fourfold ambiguity is reduced to a twofold one. The CHARM II result, shown in g. 6 [3] , is based on about 2200 e-events recorded in each c hannel. The systematic error is dominated by uncertainties of the background determination, of the neutrino ux measurement and the event selection eciency.
The most precise determination of sin 2 W results from a similiar t but uses only the knowledge of the relative neutrino ux. This method is equivalent to the use of the ratio of cross sections, explained above, with the extension that now dierential cross sections are used. Also here the systematic error is dominated by the background determination. An improved result from the full CHARM II data sample (87{91) is expected to be published soon. The large statistics accumulated made it possible for the rst time to use the information of the shapes of kinematical distributions [25] only. sin 2 W is obtained by another t in the variables (E e 2 e ; E e ), leaving both parameters ; free, hence assuming no knowledge on the neutrino ux. An independent analysis, which is again using only shapes of kinematical distributions is the regularized unfolding [26] of the y-distributions for e and e-scattering from the measured distributions of the variables (E e 2 e ; E e ). The unfolded cross sections are shown in g. 8. A t of the Standard Model prediction for the dierential cross sections determines the ratio of coupling constants (g 2 R =g 2 L ) (tab. 2) [25] . The main contribution to the systematic error is the uncertainty on the absolute energy scale. The result conrms the existence of a coupling of right-handed electrons to the Z 0 by three standard deviations and by this non-maximal parity violation in neutral current i n teractions.
Electron-neutrino electron scattering
Compared to the muon-neutrino sector the number of experimental results in electron-neutrino electron scattering is still rather poor. This has two reasons, rstly, pure electron-neutrino beams are more dicult to produce than muon-neutrino beams, and secondly e -and e -beams are much l o w er in energy, so that large event rates are dicult to achieve.
Electron-antineutrino electron scattering was rst observed in the Savannah River Reactor experiment [27] . The ssion reactor produced a high ux of e . The data were analysed in two energy regions and gave results consistent with the Standard Model (tab. 3).
The experiment E225 at LAMPF A dedicated experiment to search for e e-scattering was performed at the Los Alamos Meson Physics Facility (LAMPF) [28] . It aimed at a measurement of the NC{CC interference term in e e-scattering.
An elegant w a y of producing a e -enriched neutrino beam was performed at LAMPF. Starting with an 800 MeV proton beam, pions are produced, stopped, and decay at rest producing an isotropic ux of monochromatic muon-neutrinos (30 MeV). In the subsequent m uon decay a continious spectrum of e and (g. 10) is produced. The spectra can easily be calculated, however, the determination of the absolute neutrino ux requires some dedicated calibration experiments.
The detector consisted of a 15 ton central active target, segmented into 40 scintillator planes interspaced by m ulti-plane ash chamber modules. The scintillators were used to measure the energy loss, while the ash chambers determined position and direction of the particles. The main background sources are cosmic rays, neutron capture, and e C reactions. The e-signal was extracted from the data by a t to the distributions of the recoil energy E e and angle cos e (g. 9). After subtracting the contributions from e and e-scattering, using measured cross sections, 236 35 e e-events were found from which a total cross section measurement w as derived [29] .
The result was interpreted in terms of the NC{CC interference. The cross section for electron-neutrino electron scattering can be written as:
NC CC where I denotes the interference term. After subtraction of the pure NC and CC contributions destructive i n terference was found: 
Protting from the low neutrino energy a limit on a magnetic moment of the neutrino derived from neutrino electron scattering could be presented [30] :
< 0:61 10 9 Bohr (90%C:L:)
This is, at present, the best limit from either reactor or accelerator experiments. It has to compete with limits derived from astrophysical arguments. Those are more stringent b y about three orders of magnitudes, but on the other hand relying on many more theoretical assumptions.
Discussion
In tab. 3 results from all neutrino-electron scattering experiments are summarized. A few comments are necessary. All quoted cross section results are model-dependent. This has the following reasons.
The raw e v ent rates have to be corrected for the limited kinematical acceptance of the experiment and for the admixture of events originating from other neutrino types. For these corrections a model has to be assumed. This is normally the Standard Model, however with dierent v alues for sin 2 W . This creates no problem as long as the corrections, which can be as large as 10{20%, are much smaller than the experimental error. However, for precision measurements it is preferable to measure directly g V and g A rather than the cross sections. This is almost model-independent since any admixture of V and A terms is allowed, and, even more important, all neutrino species can be treated in the same way, hence no correction has to be applied. This procedure was applied by the CHARM II experiment, but the fact that it is not used by all experiments makes a combination o results dicult. Nevertheless an attempt was made to combine all results listed in tab. 3, taking into account possible correlations between the single results. A 2 -t was performed with the neutral current coupling constants g V and g A as free parameter. The result is: g V (e) = 0 : 034 0:016 total and g A (e) = 0 : 504 0:014 total (17) with a correlation coecient of 0.05. The quality of the t is good ( 2 = 7 : 7 = 14). The result is shown in g. 11 together with results of individual experiments seperately for eand -experiments. Obviously the precision of the combined results is dominated by the CHARM II result.
Using relation (3) and (5) the result can be expressed in terms of the electroweak mixing angle and the relative coupling strength of the neutral and charged current:
sin 2 e = 0 : 233 0:008 total and e = 1 : 007 0:028 total : (18) The correlation factor is 0.09.
The high precision on electroweak parameters achieved now in neutrino-electron scattering experiments makes it interesting to compare these results to high precision results obtained in experiments studying dierent processes.
At LEP, for instance, the annihilation process e + e ! l l via Z 0 exchange is studied, whose diagram is related by crossing symmetry to the one of e-scattering. However, the two measurements refer to dierent Q 2 scales. Dierences of the two couplings at the two scales (Q 2 = 0 : 01 GeV 2 and Q 2 = m 2 Z ) are expected to arise from the running of the ne structure constant and the eect of the neutrino charge radius. By chance these dierent contributions numerically cancel almost completely, resulting in a dierence of g V (e) g V (LEP) = 0 : 002, while the individual contributions to radiative corrections are larger by an order of magnitude [9] . Both contributions depend on the masses of the top quark and of the Higgs boson. For the calculation the masses had been xed to m top = 150 GeV and m H = 100 GeV. Thus it is possible to compare e-results directly to those obtained from a measurement of the partial width ll (assuming lepton universality) at the Z 0 resonance and the forward-backward asymmetry A FB at LEP. Fig. 12 shows this comparison. Remarkable is that results from neutrino-electron scattering have reached comparable precision in g e V and the excellent agreement of measurements over a Q 2 -range of ( e e)=E ( e e) (10 42 The crosses show dierent experimental data points [6, 3] . six orders of magnitude. As was demonstrated rst by the CHARM experiment [20] the combination of e + e and e-results selects g A = 1=2; conrming the prediction from the doublet structure of fermions in the Standard Model.
The coupling constants g V and g A , measured in e-scattering are in fact a product of the neutrino coupling to the Z and the electron coupling to the Z [38] . The same parameters measured in the process e + e ! e + e are sensitive to the e Z coupling, g e V , only. The measurement of the invisible width of the Z at LEP determines the coupling to a mixture of all three neutrino species. When we use the notation g e V and g e A for the coupling measured in e-scattering, one nds g e V;A = 2 g g e V;A (19) where g is the Z coupling, predicted by the weak isospin structure of the Standard Model to be g = g V = g A = 1 = 2 : (20) If no assumption of lepton universality is made, the combination of LEP-data and the CHARM-II data gives: j2g j = 1 : 006 0:036:
(21) Hence e-data provide a unique measurement of the muon-neutrino coupling, while the LEP-result from the invisible width yields [6, 38] : j2g l j = 1 : 006 0:006; (22) for the mixture of the three contributing neutrinos. The fact that both numbers agree among each other conrms lepton universality in the neutrino sector for neutral-current i n teractions. The values also conrm the prediction based on the weak isospin structure of the Standard Model.
Since the mass of the Z 0 is measured precisely at LEP [6] sin 2 W is a derived quantity in the Standard Model. To compare the now rather precise results of neutrino-electron scattering with the predictions of the Standard Model one has to apply higher order corrections (section 1). Using the MSrenormalization scheme [8] one can correct the combined result (18) 
(; G F ; m Z ) = 1 : 001 0:004 theor: :
(26) The agreement is excellent. Due to the relatively large error on the experimental results it is not possible to derive competetive limits on the top quark mass from this comparison alone. In a global t to all neutral current data, however, results from neutrino-electron scattering contribute signicantly [39] .
Also limits on contributions from terms beyond the Standard Model description can be be derived. From a comparison of results on the neutral current coupling constants from neutrino-electron scattering (17) and LEP we obtain a limit for the mass of an additional Z 0 -boson with the assumption of equal coupling compared to the standard Z: m Z 0 > 462 GeV (90% C.L.) (27) This limit is competitive to the best published value, obtained in p p collisions by the CDF collaboration [40] : m Z 0 > 412 GeV (95% C:L:): A limit on the anomalous charge radius of the neutrino is obtained comparing results for the electroweak mixing angle from neutrino-electron scattering given in (18) with LEP measurements of processes Z ! l l, where l; l are charged leptons [6] : jhr 2 i anom j < 0:40 10 32 cm 2 (90% C.L.)
The future of dedicated neutrino-electron scattering experiments probing the Standard Model is uncertain. A promising proposal has been presented at LAMPF, aiming for a 1% measurement o f sin 2 W [42] . The approval is still pending.
As the process seems to be understood very well neutrino-electron scattering may be used to explore elds where more understanding is needed, e.g. the solar neutrino problem, or the intrinsic properties of neutrinos.
Conclusion
During twenty y ears since the discovery of neutral current i n teractions, neutrino-electron scattering has contributed in a major way to our understanding of the Standard Model. All possible e-reactions have been observed and studied and recent experiments have collected many thousands of eevents.
Experimental results obtained from these experiments are in very good agreement with predictions of the Standard Model and the very precise results from LEP experiments. The weak-isospin structure of the Standard Model has been veried in the neutral-current sector, lepton-universality for neutrinos has been demonstrated in the neutral-current sector, the ability of the Standard Model to describe precision results using higher order corrections has been shown, and once again no deviation from the Standard Model has been found.
